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OPTICAL KEYBOARD WITH GEODESIC OPTICAL ELEMENTS 

Field of the Invention 

The present invention generally relates to a keyboard and, more particularly, to an 
optical keyboard. 

Background of the Invention 

A keyboard usually has a plurality of keys to allow a user to enter information or 
to activate a function in an electronic device by pressing one or more keys on the 
keyboard. In an electronic keyboard, keys are usually designed to cause an electrical 
contact in an electronic circuit when a key is pressed. The electric contact causes changes 
in the current or voltage in the circuit and the changes are sensed electronically in order to 
determine which key or keys are pressed. Some keyboards are made of optical material 
so that the legend under the key can be read. Some keyboards are designed so they are 
also used as light-guides for illumination purposes. However, the keys on those 
keyboards are also used to cause electrical contacts in the underlying electronic circuit. 

It is desirable and advantageous to provide an optical keyboard wherein pressing 
the keys is mainly for changing the optical parameters of the keys. 

Summary of the Invention 

The present invention provides an optical keyboard made of a sheet of optical 
material for guiding light within the sheet surfaces, wherein one or more geodesic optical 
elements are formed on the sheets. Each of the geodesic optical elements is basically a 
dome-like shell. When light is guided or launched onto one end of the dome, the light 
beam spreads out over a large area of the dome but the spread beam will substantially 
converge at another end of the dome. But when the dome is deformed, the focusing 
properties of the dome-shape surface are changed. By sensing the converging beam by an 
optical sensor, it is possible to detect when the dome is deformed by extemal pressure. 
When these geodesic optical elements on the light guide are arranged in rows and M 
columns, the light guide can be used as an optical keyboard having A^jcM keys. 

Thus, the first aspect of the present invention provides an optical keyboard for use 
in an electronic device to allow a user to input information in the electronic device. The 
optical keyboard comprises: 
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a light guide; and 

a plurality of keys of dome-shaped optical elements fomied on the light guide, 
such that light introduced to one end of an optical element spreads over at least a part of 
the said optical element and then substantially converges at another end of said optical 
5 element in a focusing pattern, and when said optical element is deformed by external 
pressure, the deformity changes the focusing pattern at the other end. 

According to the present invention, the optical keyboard further comprises: 

one or more light sources, disposed in relation to the keys, for providing light to 
the optical elements, and 
10 a plurality of photosensors, disposed in relation to at least some of the converging 

ends of the keys, for sensing light intensity of said converging ends of the corresponding 
optical elements according to the focusing pattern. 

According to the present invention, the plurality of keys comprises one or more 
individual keys and each of the individual keys is associated with 
15 one of the light sources, which provides light to said individual key, and 

one of the photosensors for sensing light intensity at the converging end of said 
individual key. 

According to the present invention, the plurality of keys comprises a group of 
keys arranged in a two-dimensional matrix having n colimms and m rows, with n and m 
20 being positive integers, each of the n columns and m rows of keys is associated with 

one of the light sources disposed at one end of said colvunn or row for providing 
light to the keys in said column or row, and 

one of the photosensors disposed at another end of said column or row for sensing 
light intensity. 

25 The light guide can be a sheet of optical material, or the light guide comprises: 

a first sheet of optical material having a first refiractive index, and 
a second sheet of optical material laminated to the first sheet, the second sheet of optical 
material having a second refi-active index substantially lower than the first refi-active 
index. The light guide may also comprise: 
30 a first sheet of optical material having a first refiractive index, 

a second sheet of optical material laminated to one side of the first sheet, and 
a third sheet of optical material laminated to another side of the first sheet, 
wherein the second sheet of optical material has a second refractive index substantially 
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lower then the first refractive index, and the third sheet of optical material has a third 
refi^active index substantially lower than the first refi^active index. 
Alternatively, the light guide comprises: 

a sheet of optical material having a first refi-active index, and wherein one or both 
5 sides of the sheet are coated with a coating material having a second refractive index 
substantially lower to the first refractive index. 

According to the present invention, the optical keyboard further comprises one or 
more optical filters disposed in relation to the photosensors for filtering out ambient light 
reaching the photosensors. 
10 The second aspect of the present invention provides an electronic device 

comprising: 

an optical keyboard having a plurality of keys to allow a user to input information 
in the electronic device by pressing one or more keys, wherein the keys are dome-shaped 
optical elements such that light introduced to one end of a key spreads over at least a part 
15 of the corresponding optical element and then substantially converges at another end of 
the key; 

one or more light sources, disposed in relation to the keys, for providing light to 
the keys; and 

a plurality of photosensors, disposed in relation to at least some of the converging 
20 ends of the keys, for sensing light intensity at said converging ends of the keys, wherein . 
when one or more of the keys are pressed, deforming the dome-shaped optical elements 
of the pressed keys, the sensed light intensity is caused to change due to the deformity. 

According to the present invention, the plurality of keys comprises one or more 
individual keys and each of the individual keys is associated with 
25 one of the light sources, which provides light to said individual key, and 

one of the photosensors for sensing light intensity at the converging end of said 
individual key. 

According to the present invention, the plurality of keys comprises a group of 
keys arranged in a two-dimensional matrix having n columns and m rows, with n and m 
30 being positive integers, each of the n columns and m rows of keys is associated with 

one of the light sources disposed at one end of said column or row for providing 
light to the keys in said column or row, and 
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one of the photosensors disposed at another end of said column or row for sensing 
light intensity. 

The dome-shaped optical elements can be formed on a sheet of optical material. 

The dome-shaped optical elements can be formed on a first sheet of optical 
5 material having a first refi-active index, and wherein the sheet is laminated to a second 
sheet of optical material having a second refractive index, which is substantially lower 
than the first refractive index. 

The dome-shaped optical elements can be formed on a first sheet of optical 
material having a first refractive index, and wherein the sheet is laminated between a 
10 second sheet of optical material having a second refractive index and a third sheet of 
optical material having a third refractive index, the second and third refractive indices 
being substantially lower than the first refractive index. 

The dome-shaped optical elements can be formed on a sheet of optical material 
having a first refractive index, and wherein one or both sides of the sheet are coated with 
15 a coating having a second refractive index substantially lower to the first refractive index. 

The keyboard may fiirther comprises one or more optical filters disposed in 
relation to the photosensors for filtering out ambient light reaching the photosensors. 

According to the present invention, the light sources comprise one or more light- 
emitting diodes. 

20 The electronic device comprises a mobile terminal, a PDA, a communicator 

device or the like. 

The present invention will become apparent up reading the detailed description 
taken in conjxmction with Figures 1 to 7b. 

25 Brief Description of the Drawings 

Figure 1 is a schematic representation showing the focusing properties of a dome- 
like optical element. 

Figure 2a is a schematic representation showing a light source and an optical 
sensor are used in conjunction with a geodesic optical element. 
30 Figure 2b is a schematic representation showing the changes in the focusing 

properties when the geodesic optical element is deformed by external pressure. 
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Figure 3a is a schematic representation showing a plurahty of geodesic optical 
elements formed on a sheet of transparent material and the associated optical sensing 
elements. 

Figure 3b is a schematic representation showing the focusing properties of a row 
5 of geodesic optical elements. 

Figure 3c is a schematic representation showing one of the geodesic optical 
elements is deformed by being pressed. 

Figure 4 is a schematic representation showing an optical keyboard, according to 
the present invention. 

10 Figure 5 is a schematic representation showing an electronic device having an 

optical keyboard, according to the present invention. 

Figure 6 is a schematic representation showing a plurality of light sources 
originated from a single light emitting element. 

Figure 7a is a schematic representation showing an optical key laminated to or 
1 5 coated with other transparent materials on both sides of the key. 

Figure 7b is a schematic representation showing an optical key laminated to or 
coated with other transparent material on one side of the key. 

Detailed Description of the Invention 
20 The term "geodesic" describes the geometry of curved surfaces in which geodesic 

lines take the place of the straight line of plane geometry. Geodesic line is the shortest 
line lying on a given surface and connecting two points. On a spherical surface, a 
geodesic Une is any section of a circular line that goes around the full width of the 
spherical surface. 

25 The optical keyboard of the present invention uses a sheet of optical material, such 

as a transparent plastic, as a light guide so that light launched into the sheet propagates 
substantially between the two air-interfaces of the sheet. The sheet is formed with a 
plurality of dome-shaped elements, each of which can be used as a key. When such a 
dome-shaped element is used as a single key, a light source, such as an LED, is used to 

30 launch a light beam into one end of the element and a photosensor is used to detect the 

change in the converged or focused light beam on another end. As shown in Figure 1 , the 
light beam launched into the dome-shaped element 10 at point A spreads over dome 
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surface but will substantially converge at point B. A photosensor can be disposed near 
point B to measure the intensity of the focused beam. 

Schematically, the light focusing properties of the dome-shaped element are 
shown in Figure 2a. As shown in the figure, at least part of the light emitted by the light 
5 source E is spread and then focused by the dome-shaped element 10. The focused 

intensity is sensed by the photosensor D. If the dome-shaped element 10 is deformed by 
external pressure, such as when the dome surface is pressed, part of the focused beam 
may spread out near the photosensor D, resulting in the reduction of light intensity. 
Accordingly, the photosensor D can be used to detect whether the dome surface is 

10 pressed. The changes in the focusing properties of the dome-shaped element are 
illustrated in Figure 2b. 

A string of dome-shaped elements 10 can be used as a row of keys, as shown in 
Figure 3a, which schematically shows a cross section of the keyboard. As shown in 
Figure 3a, a single light source E is used to launch a light beam into a light guide 5, 

15 which has three dome-shaped elements lOi, IO2 and IO3, A single photosensor D is used 
to detect the focused beam near the last element. The focusing properties of the light 
guide 5 are schematically shown in Figure 3b. Ideally, the light beam emitted from the 
light source E is successively spread and focused by the dome-shaped elements. If any 
one of the dome-shaped elements is deformed by external pressure, as shown in Figure 

20 3c, the change in the light intensity can be detected by the photosensor D. The change in 
the light intensity may depend on which of the three elements are deformed and also on 
the degree of deformity. Thus, it may be difficult to determine which of the keys in a row 
is pressed. 

According to the present invention, a plurality of rows of dome-shaped elements 
25 and a plvu-ality of columns of dome-shaped elements can be used to form an optical 
keyboard with ^jcM keys. As schematically shown in Figure 4, the keyboard 30 
comprises a light guiding sheet 20, on which three rows and four colxunns of dome- 
shaped elements lOn, IO12, ... IO33, IO34 form twelve keys. Each of the rows and columns 
is associated with a light source and a photosensor. If one of the dome surfaces (IO23, for 
30 example) is deformed by external pressure, the changes in the light intensity in the 
corresponding row and column can be detected by photosensors Dx2 and Dy3. 

Figure 5 illustrates an electronic device having an optical keyboard, according to 
the present invention. As shown, the electronic device 100 has an optical keyboard 30' 
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and a display 50. The device 100 can be a mobile tenninal, a personal digital assistant 
(PDA), a communicator device or the like. The keyboard 30' can have a plurality of keys 
lOxY arrangement in an iVxAf matrix, as shown in Figure 4. It may have one or more 
individual keys 10', 10" as shown in Figure 2a. The device 100 may have one or more 
5 light sources 32 for providing light to the optical keyboard 30' and a plurality of 

photosensors 34 for optical sensing. It is understood that the electronic device 100 also 
comprises an electronic circuit, operatively connected to the photosensors associated with 
the keyboard 100, for processing the sensing signals from the photosensors in order to 
determine which key or keys are pressed. The electronic device also comprises at least a 

10 power source to power the light sources associated with the keyboard and the electronic 
circuit. The light sources can be light-emitting diodes (LED) or other solid-state light 
emitters. The keyboard 30' may have a plurality of optical filters F (see Figure 3c) 
disposed at the photosensors to filter out xmdesirable ambient light, for example. 

It should be noted that the light sources Eyi, Ey2, Ex4 need not be individual 

15 light emitters. Some or all or theses light sources can be light escaping surface elements 
disposed on a light guide associated with a single light emitter, as shown in Figure 6. 

It should be noted that the dome-shaped elements 10 as shown in Figures 3a to 3c 
are formed on a light guide having two air-interfaces to guide the light beams launched 
into the light guide. However, the dome-shaped elements can also be formed on a sheet 

20 23 of transparent material (with refractive index n-i) laminated between two sheets 22, 24 
of other transparent materials (with refractive indices n\ and «2), as shown in Figure 7a. 
Because the laminated sheet 20' is used as a light guide, the refractive indices of the 
sheets 22, 24 must be substantially lower than that of sheet 23, or n\<n2, «3<«2- As such, 
the light beams within the sheet 23 substantially propagate between the interfaces 32 and 

25 34. The sheet 22 and sheet 24 can be of the same material («i=/23) or of different 

materials. Altematively, the sheet 23 is laminated to only one of the two sheets, as shown 
in Figure 7b. Furthermore, Figure 7a can also be viewed as showing a domed-shaped 
element 10 coated with materials of substantially lower refractive indices (ni<W2, «3<W2), 
or with materials of similar refractive indices (wi=«2=n3) so long as the coatings do not 

30 destroy the focusing properties of the key 10. Again, the sheet 23 can be coated on one 
side or on both sides, and the coating materials 22, 24 can be different or the same. 

Although the invention has been described with respect to preferred embodiments 
thereof, it will be understood by those skilled in the art that the foregoing and various 
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other changes, omissions and deviations in the fonn and detail thereof may be made 
without departing fix>m the scope of this invention. 



8 



